Background. The concentration of reduced (GSH), oxidized (GSSG) and total (GSH + GSSG) glutathione, the level of malondialdehyde (MDA), and the general antioxidant activity (GAA) was determined in blood plasma and cervicovaginal washing fluid of pregnant women infected and non-infected with human papilloma virus (HPV).
INTRODUCTION
Human papilloma virus (HPV) is the most common sexually transmitted infection in the world. About 70% of sexually active population confront this infection (1) .
The physiological changes during pregnancy modulate the functions of essential protective systems (immune and antioxidative); consequently, HPV infection might affect a female organism in a specific manner in this period (2) . The rate of HPV prevalence among pregnant women has been found to range from 5.5 to 65.0% (3) . Moreover, pregnant women are at a higher risk to be infected with HPV, particularly with high-risk HPV types associated with cervical cancer (4, 5) . In most cases, HPV is known as one of the main risk factors of cervical cancer. Therefore, it is important to detect the infection during pregnancy and to determine the status of the antioxidative system in order to prevent the risk of cervical cancer and to enhance the level of systemic protection of the organism (6) .
Oxidative stress as a long-lasting abnormal excess of reactive oxygen species (ROS) can also be suggested as one of the main factors of cancer risk, including cervical cancer (7) . The level of antioxidant compounds in blood plasma can modulate the progression of a latent HPV infection to sub-clinical lesions. Also, increased systemic oxidative stress contributes to a variety of maternal complications during pregnancy (8) . Markers of the stress are characteristic of women to whom the development of preeclampsia is determined during pregnancy (9) (10) (11) . However, in general, the contribution of oxidative stress to the initiation of the disease remains to be an interrogation note (12) . Furthermore, systemic oxidative stress was also shown to be enhanced during pregnancies complicated by maternal diabetes (13) or intrauterine growth retardation (14) . Dynamical changes of lipid peroxidation indices, of certain antioxidant compounds and of antioxidative enzyme activities during pregnancy and differences of parameters due to virus infection could help to predict a normal or abnormal course of pregnancy (15) . Malondialdehyde (MDA) level is a sensitive parameter of lipid peroxidation (16) . The concentration of glutathione is an important antioxidant index as antioxidant defence is regulated by the redox pair of GSH / GSSG. The general antioxidant activity (GAA) shows the total status of the antioxidative capacity of an organism (17, 18) . The effect of HPV infection on the antioxidative system, indicated by the parameters mentioned above, has not yet been examined in the context of pregnancy. Moreover, no data were found on the differences in antioxidative system parameters on the general (blood) and local (cervix) levels in HPV-infected persons. Consequently, it is important to examine these parameters on both levels.
The goal of the present research was to investigate the concentration of reduced (GSH), oxidized (GSSG) and total (GSH + GSSG) glutathione, malondialdehyde (MDA) level, and general antioxidant activity (GAA) in blood plasma and cervicovaginal washing fluid of pregnant women and to evaluate the status of the antioxidative system in HPV-infected and non-infected persons.
MATERIALS AND METHODS

Population.
A population of 213 pregnant women attending one of the Centers of the Central Outpatient Clinic of Vilnius (Lithuania) in 2008-2010 was included in the study. The age of the women was 20-40 years. The women were examined for HPV infection and its type. Tests were performed on the first and the third trimesters of pregnancy. The women were asked to complete a questionnaire of 22 questions. The questions concerned social demographic features (age, education, marital status, nationality, social status), sexual behaviour (first sexual experience, the number of sexual partners, the non-marital sexual contacts of the partner), and about gynaecological history (number of deliveries and abortions, first mensis, gynaecological diseases in the past, use of contraception, results of cytological cervical smears). The study was performed with the permission of the Lithuanian Bioethics Committee (26-03-2008 , No 21/1).
HPV identification and typing. HPV infection was detected in cervicovaginal washing fluid. During gynaecological examination, the cervix was washed with 10 ml of saline. The material was collected in a sterile container which was placed in ice and transported to the laboratory for analysis. In the laboratory, DNA was extracted from the material, and tests for HPV were performed. The material was stored at -20 ºC and was prepared for testing in a few stages. First, DNA sample was extracted using a commercial Sorpoclean DNA extraction kit ("SORPO diagnostics", Lithuania) following the manufacturer's recommendations.
Considering the published data (19) , HPV types were grouped into several categories: group I included HPV of type 16, which determines about 54.6% of cervical cancer cases; group II included HPV of type 18 (18.8% of cases); group III contained HPV of types 31, 52, and 58 (1.1-4.4% of cases), group IV consisted of types 33, 39, 51, and 56 (0.2-0.8% of cases); group V included several HPV types, and group VI contained HPV of unidentified types.
Polymerase chain reaction (PCR). PCR was performed to identify HPV, using 50 µl of a solution containing 45 µl of commercial HPV Master Mix solution ("SORPO diagnostics") and 5 µl of DNA sample in accordance with the manufacturer's recommendations. DNA was examined to ensure the presence of ß globin gene in all samples prior to PCR for HPV identification as described in (20) . Each PCR analysis to identify HPV was performed using a positive control from the commercial kit. Samples without DNA (with de-ionized water) were used as a negative control. HPV-positive samples were further examined: an additional PCR was performed to identify the type of virus, using commercial HPV 16, 18 Master Mix, HPV 31, 33, 39, 51, 52, 56, 58, 59 Master Mix, and HPV 6, 11, 45 Master Mix kits ("SORPO diagnostics").
Visualization of PCR products by electrophoresis.
The amplified PCR products were analyzed by electrophoresis. Electrophoresis was performed on 2% agarosis gel; the gel was visualized by ethidium bromide, and the products were analyzed in a UV transilluminator (320 nm). Pictures of the results were taken and stored in hardware.
Analysis of antioxidative system variables. Antioxidative system variables were determined in two samples of blood plasma and cervicovaginal fluid collected in the first and third trimesters of pregnancy, respectively. The level of the lipid peroxidation product MDA (nmol/ml) was determined by thiobarbituric acid (TBA) assay based on the release of color MDA / TBA complexes as described in (21) . The concentration of functional antioxidant glutathione (mkmol/ml), both in reduced (GSH) and oxidized (GSSG) forms, was detected using a recycling system with 5,5'-dithiobis 2-nitrobenzoic acid (DTNB) and glutathione reductase (GR), following the method of (22) . Analytes were pre-treated with 2-vinylpiridine to determine the concentration of GSSG. The GSH / GSSG ratio was calculated. GAA (%) was determined in the Tween 80 oxidation test. The reaction mixture containing 0.2 ml of blood plasma, 2 ml of 1% Tween 80 aqueous solution, 0.2 ml of 1 mM ferrum sulphate solution and 0.2 ml of 10 mM ascorbic acid solution was incubated for 48 hours at 40 ºC. The cooled reaction mixture was then added to 1 ml of 40% trichloracetic acid and was stored for 1 h at room temperature. The mixture was centrifuged for 15 min at 8 000 rpm, the supernatant was removed to 2 ml of 0.25% TBA, and the mixture was heated for 15 min. The cool mixture was then analysed for absorption at 532 nm, indicating the amount of MDA. All parameters were analyzed spectrophotometrically. A SF-46 LOMO spectrophotometer was used to measure the optical density.
Statistical analysis. The statistical analysis was performed using the SPSS (v.17) and Microsoft Office Excel 2007 statistical software package. All variables under analysis were qualitative. As almost 2/3 of data did not pass the normality test, the differences between the mean values of the variables were tested using non-parametric tests: the Mann-Whitney U test (presented with Z statistics values) and the Wilcoxon sign rank test for independent and for dependent samples, respectively. The level of significance was set at 0.05.
RESULTS AND DISCUSSION
The increased systemic oxidative stress in pregnant women should be considered as a result of physiological factors contributing to the development of fetus (23) . Moreover, virus infections usually also enhance the oxidative stress (15) . Changes of the variables showing the status of the protective antioxidative system during pregnancy and due to virus infection could help to predict the course of pregnancy as mentioned above (24) . Consequently, differences in the antioxidative system variables were examined in early and late trimesters of pregnancy on the organism (blood plasma) and local (cervicovaginal washing fluid) levels considering also HPV infection.
General aspects. The study cohort comprises 213 pregnant women who signed the informed consent form; 76.5% (n = 163) of the women were married; 58.7% (n = 125) were officials, 77.5% (n = 165) had a higher education; the majority of women were Lithuanians (81.2%, n = 173); 30.5% (n = 65) had the first sexual relationship at the age of less than 18 years. About half of the participants (55.4%, n = 116) had one or two partners; 52.6% (n = 112) used hormonal contraceptives and 39.9% (n = 85) used other contraceptive methods. Anamnesis of a gynaecological disease was present in 69.5% (n = 148) of women. Four women had cervical conization before pregnancy due to cervical intraepithelial changes.
HPV infection and HPV types. In 17.8% (n = 38) of the women, HPV infection was found in the first trimester of pregnancy; 13.2% carried HPV of types 16 and 18 or of type 16 combined with other HPV types; 21.1% carried HPV of types 31, 52, and 58. These HPV types, according to reference (25), determine 1.1% to 4.4% cases of cervical cancer. HPV of types 33, 39, 51 and 56 was found in 10.5% of the women. These HPV types determine 0.2 to 0.8% cases of cervical cancer. The HPV type for the rest of women (47.4%) was not identified. During the third trimester of pregnancy, 67 women did not repeat examination of cervical outwash for HPV due to changed location, miscarriage or preterm delivery; 14 of them carried HPV infection in the first trimester of pregnancy. Therefore, 146 women were studied in the third trimester of pregnancy, including 11% (n = 16) (95%, CI = 6.76-17.16) of women to whom HPV infection was identified. The identified spectrum of HPV types in the third trimester of pregnancy was narrower compared to the analogical spectrum in the first trimester of pregnancy; however, the percentage of women infected with HPV of types 16 and 18 was significantly higher (respectively 13.2% in the first trimester and 13.8% in the third trimester of pregnancy).
Antioxidative system variables. The analysis was started by comparing antioxidative system variables for all women (both HPV-infected and non-infected) in the first and the third trimesters of pregnancy. The results are presented in Table 1 .
A significant difference was determined for most variables of the antioxidative system (concentration of reduced, oxidized and total glutathione, amount of malondialdehyde, and general antioxidative activity) in the blood plasma of a pregnant woman while comparing trimesters of the pregnancy. The concentration of glutathione forms and GAA was reduced during pregnancy, while the MDA level was enhanced. On the other hand, only the average level for two of these variables (amount of reduced and total glutathione) changed significantly during the development of pregnancy in the analyses of cervicovaginal washing fluid.
Here, it should be noted that the organism level (blood plasma) showed the status of the antioxidative system better than the local level (cervicovaginal washing fluid), even taking into account that different values of each parameter were detected when comparing both fluids. The reason might be that the cervix is possibly better protected from changes of essential functions than the whole body during pregnancy. A significant drop of the average GSH concentration and an increase of the average MDA level in blood plasma under developing pregnancy confirmed the presence of an oxidative stress. These results indicate that the variables of the antioxidative system are recommended to be analyzed in pregnant women.
In the second stage of the analysis, the women were grouped considering HPV infection (first group HPV-positive and second group HPV-negative). Antioxidative system variables were analyzed within each group but comparing data between the two trimesters of pregnancy. The results for HPV-positive and HPV-negative groups are summarized in Tables 2 and 3, respectively. It is worth noting that GAA did not significantly change in either of the two groups, although the difference of this parameter was significant in all women tested. Moreover, the GSH / GSSG ratio significantly increased in HPV-negative women because of the nearly three times lower GSSG concentration. Although this variable was also lower in the third trimester of HPV-positive women, the difference was not so obvious, i. e., the GSH / GSSG ratio decreased in this group. This variable is known to be a very important index of the redox state of the bodily functions, implying that HPV infection depressed the antioxidative system which is crucial for the protection of pregnant women from oxidative stress.
Two variables (GSH and GSH + GSSG concentration) were found significantly decreased in cervicovaginal washing fluid while comparing the two trimesters of pregnancy in all three groups. The observation indicated that cervical tissues should be more protected from a drastical depression of the antioxidative system; also, virus infection should not contribute to this depression.
In the third stage of the experiment, HPV-positive women (n = 26) were compared with HPV-negative women (n = 40) of similar average age (30 years). The results are summarized in Table 4 .
No significant difference in any variable of the antioxidative system was determined in cervicovaginal washing fluid when comparing each trimester separately. Blood plasma variables, too, showed not significant differences in the third trimester. But in the first trimester the GSSG concentration was significantly lower in HPV-infected women, although the variable was similar in two groups in the third trimester. As GSH concentration was higher in HPV-infected Table 1 . Antioxidative system variables in blood plasma and cervicovaginal washing fluid of all pregnant women involved in the study. Variables were compared in the first (I) and the third (III) trimesters. GSH -reduced glutathione (mkmol/ml), GSSG -oxidized glutathione (mkmol/ml), GSH + GSSG -total glutathione (mkmol/ml), GSH / GSSG -ratio of both glutathione forms, MDA -malondialdehyde (nmol/ml), GAA -general antioxidative activity (%) Table 2 . Antioxidative system variables in blood plasma and cervicovaginal washing fluid of HPV-positive pregnant women. Variables were compared in the first (I) and the third (III) trimesters. GSH -reduced glutathione (mkmol/ml), GSSG -oxidized glutathione (mkmol/ml), GSH + GSSG -total glutathione (mkmol/ml), GSH / GSSG -ratio of both glutathione forms, MDA -malondialdehyde (nmol/ml), GAA -general antioxidative activity (%) Table 3 . Antioxidative system variables in blood plasma and cervicovaginal washing fluid of HPV-negative pregnant women. Variables were compared in the first (I) and the third (III) trimesters. GSH -reduced glutathione (mkmol/ml), GSSG -oxidized glutathione (mkmol/ml), GSH + GSSG -total glutathione (mkmol/ml), GSH / GSSG -ratio of both glutathione forms, MDA -malondialdehyde (nmol/ml), GAA -general antioxidative activity (%) women, the GSH / GSSG ratio was even twice higher in this group as well. This result allows to postulate that in an early period of pregnancy the status of glutathione pool in the antioxidative system might be rather influenced by HPV infection, while in a late period the oxidative stress seems to be the main functional and regulating factor of glutathione concentration. Antioxidative system variables in the groups of HPVpositive and HPV-negative women were also analyzed comparing blood plasma and cervicovaginal washing fluid. No significant differences were found between the two analyzed media, although certain variables were higher in blood plasma (organism level) and others were higher in cervicovaginal washing fluid (local level).
Parameter
An enhanced level of MDA was determined in the third trimester of pregnancy for all women as well as for HPVinfected and not-infected women separately. Only slightly higher values of the variable were determined due to HPV infection. The result could mean that lipid peroxidation was one of the most sensitive processes affected by systemic oxi- Table 4 . Antioxidative system variables in blood plasma and cervicovaginal washing fluid comparing HPV-negative and HPV-positive pregnant women. Variables were compared between two groups in the first (1) and the third (2) trimesters separately. GSH -reduced glutathione (mkmol/ml), GSSG -oxidized glutathione (mkmol/ml), GSH + GSSG -total glutathione (mkmol/ml), GSH / GSSG -ratio of both glutathione forms, MDA -malondialdehyde (nmol/ml), GAA -general antioxidative activity dative stress during pregnancy, although it did not markedly depend on the fact of infection. To confirm that pregnancy plays an essential role in the MDA level, the blood plasma of pregnant women (n = 115, average age 35 years) was compared with the plasma of not pregnant women (n = 58, average age 31 years). The results are summarized in Table 5 .
Both in the first and the third trimesters of pregnancy, the MDA level significantly differed from that of non-pregnant women. In the early trimester, the variable for pregnant women was close to that for non-pregnant women, while with the progress of pregnancy the MDA level increased 1.6 times (Table 5 ). This finding confirmed that pregnancy influences the degree of lipid peroxidation. As the MDA level is recommended to be tested in the course of the fetus development, particularly in the case of restricted fetus growth, seems purposeful to test it also during normal pregnancies.
As mentioned above, the level of lipid peroxidation marker did not significantly depend on HPV infection. In contrast, tions include matrix remodeling, angiogenesis, cytotrophoblast proliferation and migration, cytotrophoblast fusion, endocrine secretion and cytokine production. Local oxidative stress in the placenta may be important for placental development, but at the same time it may exert a detrimental effect on maternal health. Alternatively, an increased maternal oxidative stress may be caused by a common insult on the placenta, characterized as an oxidative damage induced by ischemia reperfusion (31, 33) . When analyzing data of the present study, we may speculate about the adaptive activation of maternal enzymatic and non-enzymatic antioxidant systems to prevent the further oxidative damage of macromolecular cell components, induced by this stress as is also suggested by other authors (34) . A lower activity of the majority of antioxidative system components during the third trimester of the pregnancy was determined. According to published results, an enhanced oxidative stress in the organism of a pregnant women is typical in the early period and before delivery. The antioxidative system variables in the third trimester could be reduced in the early period of the trimester when blood plasma and cervicovaginal washing fluid were collected as there were nearly three months left to the delivery.
If there is an exaggeration of imbalance between the increased reactive oxygen / nitrogen species and defects in the maternal antioxidant defense mechanism, a systemic oxidative damage may occur and lead to pregnancy complications such as preeclampsia (31) . Our data show an increased lipid peroxidation in the third trimester of pregnancy. Also, lower levels of oxidized glutathione (GSSG) and a higher GSH / GSSG ratio were determined for HPV-infected women in the first trimester of pregnancy. However, a change (drop) of GSSG concentration when comparing the two trimesters of pregnancy was more pronounced in HPV-negative women. Recently, more published data have shown that some components of the antioxidative system are also involved in inflammation processes by the mechanism of activation of stress kinases (JNK, MAPK and p38) and gene transcription factors of inflammatory mediators (NF-kappa B and AP-1) (35) . Moreover, glutathione is essential for the activation of T lymphocytes and for release of cytokines as the modulation of immune response has been shown to be another important function of that antioxidant. Reduced glutathione concentration in blood and tissues was due to virus infections such as influenza, hepatites B and C or dengue fever (36) . Here, it could be premised that the concentration physiological changes during pregnancy modulate the functions of the immune system -another protective system of the organism -and in the case the risk of HPV infection might be increased. These may also actuate the persistence of the virus in cervical epithelial cells and stimulate the progression of infection.
The published data concerning HPV prevalence in pregnant women are controversial. Some of them do not show any statistically significant differences in HPV prevalence the pregnant and non-pregnant women (26) , while other experimental results indicate that the prevalence of HPV in pregnant women ranges from 5.5 to 65% (3). Many factors may underlie such differences, including the diversity of HPV prevalence depending on the geographical area. For example, in Austria, HPV was identified in 24.6% of 147 women studied, and HPV prevalence was lower in pregnant women older than 25 years (27) . The different prevalence of HPV in pregnant (n = 164) and not pregnant (n = 153) women was found also in Turkey: the HPV infection rate was 29.2% and 19.6%, respectively (4). In a study in Japan (n = 1183), HPV was detected in 22.6% of women aged under 25 years and in 11.3% of women aged over 25 years (5) . A lower rate of HPV infection (6.5%, n = 54/828) was determined in Spain (28) . A high rate of HPV infection was found in Uganda. The study involved 987 primigravidae, and HPV was identified in up to 60% of pregnant women (29) . In our study, the prevalence of HPV infection (17.8%) was higher than in Spain and lower than in Austria, Turkey and Japan.
Considering that infection of different HPV types exerts a specific impact on the development of cervical pathology, it is important to determine what HPV types predominate during pregnancy. Certain experimental data showed that the concentration of estrogens and progesterone increased in the blood of pregnant women, and / or the increased expression of these hormone receptors in cervix epithelial cells indirectly activated an early expression of HPV genes (30) .
The published experimental data are not sufficient as concerns the importance of balance between prooxidative and antioxidative states due to physiological conditions, such as pregnancy or HPV infection. The physiological role of placental oxidative stress during pregnancy has only recently been started to be elucidated, but a number of cell functions in the placenta were recognized to be influenced by the prevailing oxygen concentration (31, 32) . These func- of oxidized glutathione reduced by half in the third trimester of pregnancy in HPV-positive women and three times in non-infected women due to enhanced requirement of functional (reduced) glutathione to provide the anti-inflammatory effect. Increased MDA levels were determined in cases of human cervical carcinoma (37) . No significant differences of the variable were determined in our study for pregnant women due to HPV infection, although the MDA level tended to be higher in HPV-infected women. This result may indicate that this variable could not be considered as an additional biomarker of cervical carcinoma risk.
To sum up, oxidative unbalance during pregnancy, especially in pathological states (pregnancy-induced hypertension, preeclampsia and gestational diabetes), might be even deepened by changes of antioxidative system variables as determined in the present research. On the other hand, persistence of HPV infection is known also to be regulated by the level of oxidative stress. All those facts should be considered if premising the importance of additional screening for HPVinfected women after delivery.
CONCLUSIONS
1.
A decrease of GSH concentration and an increase of MDA level in blood plasma under development of pregnancy confirmed the presence of a general oxidative stress. Lower GSH and GSH + GSSG concentrations in the cervicovaginal washing fluid while comparing two trimesters of pregnancy were markers of a local oxidative stress.
2. In the first trimester of pregnancy, the GSSG concentration in blood plasma was significantly lower and the GSH / GSSG ratio was even twice higher in HPV-infected women. While comparing HPV-positive and HPV-negative women, no significant difference on any variable of the antioxidative system was determined in the cervicovaginal washing fluid. Thus, HPV infection was found to depress the antioxidative system at the body level and not to affect this protective system at the local level. Moreover, the status of the glutathione pool might be rather influenced by HPV infection at an early period of pregnancy, while oxidative stress seems to be the main factor affecting and regulating the glutathione level in the late period of the pregnancy.
3. Enhanced levels of MDA in the third trimester of pregnancy were determined in all women, but only slightly higher values of this variable were determined due to HPV infection. The result might indicate that systemic oxidative stress during pregnancy affects lipid peroxidation as a more sensitive process, while it does not markedly depend on HPV infection. As the level of MDA is recommended to be tested in the course of the fetus development, particularly in cases of restricted fetus growth, the parameter could be suggested also to be tested during a normal pregnancy, but this variable should not be considered as an additional biomarker of cervical carcinoma risk. 4 . Oxidative imbalance during pregnancy, especially in a pathological state, might be deepened by changes of antioxidative system variables, and the persistence of HPV infection depends on the level of oxidative stress. Additional screening for HPV-infected women after delivery is recommended.
